The different thoracic muscles of Drosophila are affected specifically in the mutants: stripe (sr), erect wing (ewg), vertical wings (vtw), and ?zanjumper (nj). We have tested the extent of this specificity by means of a genetic analysis of these loci, multiple mutant combinations, and gene dosage experiments. A quantitative, rather than a qualitative, specificity is found in the mutant phenotypes. All muscles are altered by mutations in any given gene, but the severity of these alterations is muscle specific. The locus stripe seems to have a polar organization where different allelic combinations show quantitative specificity in the muscle affected. In addition to the muscle phenotypes, neural alterations are detected in these mutants. The synergism found between ewg, vtw and ewg, sr as well as the dosage effect of the distal end of the X chromosome upon the expression of ewg and sr suggests the existence of functional relationships among the loci analyzed. 9
INTRODUCTION
The thoracic muscles of Drosophila appear to be an amenable system to approach the subject of genetic control of specificity in view of a number of features. Functionally, muscles are a syncitium of fused cells. On structural criteria two types of muscles can be distinguished, fibrillar and tubular (Snodgrass, 1935; Tiegs, 1955; Miller, 1965) . Among the fibrillar muscles of the thorax, the dorsolongitudinal (DLM) and dorsoventral (DVM) ones serve indirectly the flight movements. They attach to different sites of the thorax and are innervated by different sets of motor neurons (Crossley, 1978; Ikeda et aL, 1980) ; however, the protein constituents of these two muscles are identical as resolved thoroughly by two-dimensional gel electrophoresis (Fujita and Hotta, 1979; Mogami et al., 1982) . Thus, these two muscles are distinguished only on the bases of their pattern of fasciculation (the number and relative position of major packages of muscle fibers) and the attachment sites. A third thoracic muscle, the tergal depressor of the throcanter (TDT), has a tubular structure and also serves indirectly flight movements. The protein repertoire in this case is slightly different from that of DVM and DLM (Fujita and Hotta, 1979) .
Despite the similarities in the components and structures of these muscles, some mutants were reported to affect specifically each of these muscles. Mutations in stripe (sr) and erect wing (ewg) alter the DLM (Costello, 1979; Costello and Thomas, 1981; Costello and Wyman, 1986; Deak et al., 1980 Deak et al., , 1982 Fleming et aL, 1983) . MutaTo whom correspondence should be addressed. tions in nonjumper (nj) affect preferentially the TDT and mutations in vertical wings (vtw) affect mostly the DVM (Deak, 1977) .
We set out to explore the genetic basis of these specificities by means of a genetic analysis of these loci. Within the context of the genetic analysis, specificity should be understood as a property of the genome to control a biological process (muscle fasciculation in this case) distinct from other processes. It is not implied that a one-to-one correspondence between genes and fasciculating muscles exists or that certain genes would be devoted solely to muscle fasciculation. The genetic analysis was extended to include multiple mutant combinations and gene dosage effects in order to search for a higher level of functional organization that could link the various genes involved.
Neural elements have been implicated in the specification and maintenance of muscles in many organisms (Gutmann, 1976; Nuesch, 1985; Lawrence and Johnston, 1986) . We included in our analysis mosaic experiments to detect a possible neural origin of the muscle phenotypes. Also, we studied the structure of the nervous system in all the genetic variants induced, especially in lethal forms when found.
MATERIAL AND METHODS
Strains, chromosomes, mutants, and mutagenesis. The study of the normal pattern of muscles was carried out in the strains Canton-S, Vallecas, and Hochi-R. The stripe (sr 3.-62.0) alleles sr 1Glj2 and sr IR9~7 are from the Bowling Green collection and sr 1 from Caltech; the rest were induced in our lab by the mutagenesis described in (EMS) (250 mM) or diepoxybutane (DEB) (50 mM) following the procedure of Lewis and Bacher (1968) . Also, X-ray and ethyl nitrosourea (ENU) were used.
We have labeled the new and old lethal alleles of stripe with a superscript 1 (for lethal) to indicate this property followed by the identification code. The Df(3)P14 (90C2-D1;91A2-3) deletes stripe and glass among other genes. The mutation erect wing (ewg 1.-0.0) was EMS-induced by Deak. The lethal alleles ewg n and ewg '2 were isolated by White. To uncover ewg, a total of 64 terminal deletions of the tip of the X chromosome were used (Mason et al., 1984) . All of them break in the achaete-scute complex and their breakpoints have been determined at the DNA level (Ruiz-Gomez and Modolell, 1987) 9 The mutation nonjumper (nj 1.-21.0 ) was EMS-induced on the basis of its failure to jump during the escape response (Homyk and Sheppard, 1977) 9 We found nj to be allelic to l(1)mys and localize it within Df(1) sn c12s (7D1-2;7D5-6). The mutation vertical wings (vtw 1.-14.5) was EMS-induced by Deak. The Df(1)C149 deletes vtw and localizes it to the interval 5A8-9;5C5-6. The rest of the chromosomes and mutations used can be found in Lindsley and Grell (1968) or Lindsley and Zimm (1985 , 1987 .
Lethal phase and whole-mount embnjo preparations. Fecund females were allowed to lay eggs for 2-hr periods at 25~ and 80% humidity on regular fly food plates containing 5% sucrose and a drop of live yeast. Eggs were collected, counted, and transferred to petri dishes containing filter paper soaked in 5% sucrose and a few drops of yeast. Groups of 20-30 eggs were examined at 1-day intervals; thus, the fraction of dead individuals was estimated in 24-hr periods.
Lethal cases were analyzed by mounting the hypoderm ( Van der Meer, 1977) or by dissecting the embryo to expose the CNS and staining it with the neural-specific monoclonal antibody MAb 22C10 . The MAb 22C10 was visualized by FITC indirect fluorescence. The characterization of aberrant struc- 
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Fro. 2. The search for the genetic factor causing abnormal muscle fasciculation in normal CS stock. The symbol * indicates the chromosomes potentially harboring the mutant. The symbols @ and (9 indicate abnormal and normal muscle phenotypes, respectively. A fly was considered abnormal if any of the DLM, DVM, or TDT muscles on either side showed altered fascieulation (see Materials and Methods).
tures was done according to the landmarks described in Canal and Ferrfis (1986) .
Histology. Adults of the desired genotypes were fixed in alcoholic Bouin's, embedded in paraffin, sectioned at 10 pm, and stained by the Milligan trichrome method (Humason, 1972) . The characterization of each genotype was based in the observation of a minimum of 10 flies aged 4 to 7 days. In all cases frontal and sagittal views were obtained.
Jump performance. The jump response was estimated in a closed, transparent container where a moving shadow was used to elicit the scape reaction. Individual scores were measured in length of jump. A systematic jump of 2 cm or less was considered poor. This is a modification of the Homyk and Sheppard test (1977) .
Viability of ewg/deletion genotypes. The interaction between ewg and the terminal region of the X chromosome was studied in crosses ~ ewg~f~6~/FM6 X Df(1)RT/yesc ~ Y. A total of 64 terminal deletions (Mason et al., 1984) dently, the ~ossible deleterious effect of these deletions on viability was tested in crosses d Df(1)RT/yZscly X +/+. A sample of six deletions (83, 97, 214, 233, 742, and 7~8) out of the total collection of 64 was tested for this type of outcross. The viability of 9 Df(1)RT/+ with respect to d +/y2sclYranged between 82 and 105% indicating no major reduction of viability in the heterozygotes of the deletions tested. We assume that the remaining RT deletions would behave in the same way. In any event, the sample used corresponds to those that show the most notorious effect upon ewg (see Results). In all these crosses, care was taken to use noncrowded cultures by transferring the parental generation into fresh vials every other day.
Mosaic analysis. Gynandromorphs were obtained among ~ ewglf3G~/R(1)X c2 flies from the cross d ewglf 36~ X ~ R(1)X~/ywlz. The distributions of male/female mosaic borders were drawn on standard fly sketches. Only bilateral mosaics (each side of only one sex) were analyzed in histological sections.
Isolation of genetic factors causing abnormal muscle
fasciculaticm. The pattern of thoracic muscle fasciculation was analyzed in histological sections of the three normal strains: Vallecas, Hochi-R, and Canton-S (CS). We refer to these strains as normal instead of wild type because they have been kept under laboratory conditions for more than 900, 450, and 2000 fly generations, respectively. These culture conditions are far different from the wild and the possibilities of departure from the truly wild type are not to be neglected. Although we do not know of reports on morphological changes between wild and normal cultures of Drosophila melanogaster, the results obtained here (see Results) should stimulate a comparative analysis with bona fide wildtype strains. The attempts to trace the genetic origin of the variability in the normal pattern of thoracic muscles are shown in Fig. 2 . The upper half of Fig. 2 shows the crosses used, the genotypes analyzed in histological sections, and the results obtained, in order to identify the chromosomal location of the presumed genetic factor. During the routine lab work, certain CS cultures showed a high frequency of individuals with abnormal 
Explanation of symbols, a, Poor or no jump response; b, wings held up or down in aged (~10 days) individuals; c, whirl in the orientation of thoracic macrochaete; d, abnormal fasciculatlon of DVM or TDT; e, dark shadow inside of scutellum; f, DLM absent or severely affected; L, lethal. Blank spaces indicate combinations not analyzed. muscle fasciculation. We took three males from one such culture and crossed them independently against C(1)M3; Dp(1;3)JC153 (abbreviated as Dp)/TM1. After securing the offspring, the single males and the corresponding mated females were sectioned and the muscle fasciculation pattern was analyzed. Two out of the three males showed abnormal fasciculation; one of these two was particularly extreme. Its abnormal phenotype was very similar to that shown in Fig. 3C . This particular single male cross was followed into the F1 generation.
In the F1 generation, the ~ C(1)1~r3; ,/+; ,/T71~1 showed some type of abnormality in 34% of the 49 individuals sectioned. This observation indicates that the potential factor does not reside in the X chromosome; it is dominant and it has incomplete penetrance as well as variable expressivity. Also in the F1 generation, we took 14 males ,; ,/+; ,/TM1 and crossed them singly (a. 9 9 n) against 0 C(1)M8; Dp/TM3. After securing their offspring, these flies were examined for muscle pattern abnormalities. Fifty-seven percent of the 14 males showed some type of abnormality, as always with variable severity. We discarded the cultures where their progenitors did not show any detectable abnormality. Five of the original 14 single male crosses were followed into the F2 generation. In each of these 5 crosses of the F2 we analyzed ~ ,; (,/+ or +/+); TM3/TM1 and C(1)M3; (*/+ or +/+); Dp/TM1 Both genotypes yielded abnormal phenotypes with variable frequency per cross (see Fig. 2 ). This observation indicates that the dominant factor sought is not located in chromosome III.
The lower half of Fig In this procedure, the chromosome IV has not been properly controlled. However, this possibility would not change the conclusion of being a dominant factor with variable penetrance and expressivity.
RESULTS

Variability in the Normal
Pattern of Muscle
Fasciculation
The normal pattern of thoracic muscles is well characterized (Miller, 1965) (Figs. 3A and 3B) . The dorsolongitudinal muscle (DLM) is composed of six fibers: a-f from dorsal to ventral. The dorsoventral muscles (DVM), DVM I, II, and III, are formed by three, two, and two fibers each. Interestingly, in the normal CS strain we found cases of aberrant pattern of fasciculation (Figs. 3C and 3D ). The same phenomenon was detected in other normal strains: Vallecas and Hochi-R (Figs. 3E and 3F). This feature seems to be known among fly histologists (Costello, personal communication) although it has never been reported or analyzed. We set out to determine whether these abnormal cases were due to stochastic variability or to a genetic factor(s).
The frequency of abnormal fasciculation in at least one of the thoracic muscles was 5 to 10% per fly among Vallecas and Hochi-R cultures. However, some cultures of the CS strain showed a higher frequency (about 50%). These frequencies result from pooling all the data also  Table 1 ). Boxes indicate the phenotypic domains of the allelic combinations. For instance, sr~lZ~4/sr u~ complement their lethality but fail to complement the muscle phenotype affecting mostly the DVM and to a lesser extent the DLM. Similarly, srmJ2/sr 1 is a viable combination that affects mostly the DLM and, in addition, manifests a whirl in the thoracic bristles. This is not a physical map of the locus since the linear order of the alleles is unknown. existing in our lab On sectioned material. However, for the purpose of this report and the illustrations shown in Fig. 3 , a specific sample of 20 Vallecas, 12 Hochi-R, and 50 CS flies was serially sectioned, stained by Milligan's method, and studied. Once a high-frequency CS culture was identified, single male crosses were set to isolate independently each balanced chromosome (see Materials and Methods). At every generation a sample of flies was sectioned to follow the evolution of the frequency and the severity of the phenotype. Isolated chromosomes were made homozygous and the muscle structure was analyzed. Figure 2 shows the crosses used and the results obtained. A dominant factor(s) in the second chromosome could be responsible for the aberrant fasciculation. However, this factor seems to have variable penetrance and expressivity. We never obtained more than 50% penetrance or complete expressivity. Thus, it seems that the variability of muscle fasciculation pattern could have a genetic base although any further analysis was not feasible with the available phenomenology and material.
A~alysis of Genes Affecti~g Muscle Structure
The stripe gene. The stripe (sr 3.-62.0) mutations are known to affect the DLM rather specifically (Costello, 1979; Costello and Wyman, 1986) . To provide genetic variants that facilitate the analysis of this locus we isolated new mutations by the procedure shown in Fig.  1 . The criteria for detecting new alleles required that they were viable over sr ~ and that the double heterozygote showed abnormal profiles of the muscle insertion i points (DLM, DVM, or TDT). The screening was carried 'out in anesthetized individuals viewed with intense transmitted light coming from below. In addition, abnormally positioned wings or an inability to jump or fly was used as a criterion for the selection of a mutagenized fly.
Two alleles (sr ~ and sr ~) were recovered among 4943 DEB-treated progeny and seven alleles (sr 5, sr u~, sr ~e'~, sr ~~ sr ~~ sr m~ and sr ~4~) were isolated among 5667 EMS-treated progeny. In addition, 11453 X-ray and 1641 ENU-treated progeny were screened but no sr mutations were found. The new alleles were mapped within Df(3)P14. Complementation analyses among all possible pair combinations were carried out and the histological phenotypes of the viable heterozygotes were described. The stripe abnormality can be said to be a syndrome in which we can distinguish a number of phenotypic traits such as (a) poor or no jump response, (b) held wings up or down in aged individuals, (c) whirl in the orientation of thoracic macrochaete, (d) abnormal fasciculation of DVM and TDT, (e) dark shadow inside of scutellum, and (f) DLM totally or partially absent. These phenotypic traits with their identifying letter are indicated in Table 1 where the results of complementation test are' also shown. Figure 4 illustrates some of the structural defects in the thoracic muscles of some sr combinations. The jump response was defined as described under Material and Methods. The whirl in the thoracic macrochaete is a rather variable trait but, when present, it affects both sides of the thorax. It resembles some of the vortex alleles at the dumpy locus although without the volcano-like mounds. The penetrance of this pheno~ type is about 40%. The dark shadow inside the scutellum (trait e) suggests the name sr bsc for the allele, where bsc stands for black scutellum. This part of the body does not contain muscles, only peripheral fat, aerial sacs, and the pulsating organ. Table 2 shows a quantitative estimation of the structural defects found in the three thoracic muscles after histological examination of the viable combinations. It is apparent that all muscles ~xamined can be altered by sr alleles. It is also apparent that there are quantitative differences in muscle phenoLypes among the various allelic combinations. The DLM s more severely affected than DVM and DVM more so :han TDT. However, some allelic combinations alter the :)VM more severely than DLM (e.g., srI61j2/sr Iz54 or wlR947/srm~ In Fig. 5 we have ordered the sr alleles lccording to the muscle phenotype. This figure can be :aken as a functional map of stT~pe. The degree of overap between bars indicates the lack of complementation ff muscle phenotype and/or lethality. The boxes indi-:ate the phenotypic domains of the locus. It Should be pointed out that this is not a physical map since we do not know the linear order of these alleles in the chromosome.
It can be concluded that the normal stripe function is quantitatively more relevant for proper maintenance of DLM than for DVM and TDT and, also, that the organization of the locus is of a polar type with different functional domains. Certain allelic combinations have more deleterious results for DLM than for DVM while others show the opposite effect.
To study the involvement of stripe in the formation of the nervous system we have searched for structural defects in lethal embryos of sr combinations. Figure 6B shows the external appearance of sr lethal embryos. Figure 7B shows the CNS phenotype of srlG/Df(3)P14 embryo. Although the overall CNS organization is normal, fewer neurons have differentiated and some of them have altered projections. The normal type to be compared is shown in Fig. 7A . All lethal combinations of sr showed similar neural defects. Thus, it is con- eluded that the normal stripe function is required for proper CNS development.
The erect wiTzg gene. The ewg (1.-0.0) phenotype of the viable ewg 1 allele is very similar to that of stripe. The DLM is affected rather specifically. We have analyzed this locus in combinations of alleles, ewg ~, ewg u, ewg 12, and deficiencies, Df(1)svr, Df(1)RT626, and Df(1)RTI03. As in the case of stripe, histological analysis of heterozygous combinations of these alleles indicates that other muscles, in addition to DLM, are affected. However, the DLM is quantitatively more demanding of the ewg normal function since the deletions affect this muscle more severely than DVM. Table 2 indicates the qualitative and quantitative effects of the genotypes studied. Figure 8 illustrates typical cases of these genotypes. The most severe phenotype was observed in ewgl/ewg 12 genotype (Fig. 8A) . However, a remarkable feature was found when we considered the mass of muscle present in ewg~/deletion animals. The larger the deletion the more muscle tissue remains (Figs. 8 and 9 ). This unusual feature was confirmed when the neural defects were analyzed (see below). To interpret this observation one might need to invoke the existence of functional relationships between genes located in this region of the chromosome and ewg.
To dissect the 1A-B region in order to identify these functions presumably interacting with ewg, we tested thh viability in the transheterozygous constructions of ewg ~ over 64 terminal deletions (Mason et al., 1984) whose proximal breakpoints locate in the achaete-sc~te complex (ASC) and have been determined at the DNA level. The proximal breakpoints of these deletions span over 40 kb of ASC (Ruiz-Gomez and Modolell, 1987) . Figure 10 shows the relative viability of 9 Df(1)RT/ewg 1 with respect to their sibs ~ Df(1)RT/FM6, as well as the location of the proximal breakpoint of these terminal deletions (see also Materials and Methods). Some deficiencies appear to be lethal (Df(1)RT742) or very poorly viable (<5%) (Df(1) RT331, 739, 691, 655, 83, 748, 650, 150, 214) when heterozygous over ewg ~. The study of the 64 heterozygotes indicates that (a) the viability of heterozygotes is not proportional to the amount of DNA deleted. Some deficiencies with the same breakpoint (within a range of 1 kb) have similar viabilities over ewgl; however, other clusters such as Df (1) RT398, 558 or 97, 655 or 336, 351, 742 or 233, 748 show very divergent viabilities (0-50%). The reduction in viability seems to be caused specifically by the heterozygous condition of ewg/Df(1)RT, since outcrosses of a number of RT deletions did not indicate a severe reduction of viability in Df(1)RT/+ heterozygotes (see Materials and Methods). Neither the homogeneous nor the heterogeneous clusters correspond to the transcriptional units (T6, T5, and T4) known so far in this area (Campuzano et al.; 1985) (see Fig. 10 ). Thus, it seems that the viability of these heterozygotes depends on qualitative rather than quantitative properties of the DNA of the 1B region. Yet, since the transcriptional units located in the area do not correlate with the parameter studied, it is plausible that regulatory sequencies or chromosomal structures might be responsible for these phenomena. Alternatively, more transcripts, possibly with a regulatory function, remain to be found in this region. In either case, the polar organization of the ASC further supports the existence of a highly organized and functionally relevant structure of the DNA along the 40 kb studied by Campuzano et al. (1985) (see Discussion). Although in this set of observations we do not have control over the di'stal breakpoint of these deletions, it is thought to be terminal in all cases (Mason et aL, 1984) . The muscle phenotype of the viable heterozygotes is virtually identical in all cases.
To address the issue of neural defects of ewg mutations we analyzed lethal embryos and adult mosaics. In the lethal embryos the head eversion is defective (Fig.  6C) . Also, the structure of the CNS demonstrates that the ewg mutations alter the CNS morphogenesis (Fig.  7C ). The aberrant CNS shows neurons that do not project correctly and that fasciculate in a very unorganized pattern. Thus, it is concluded that the ewg function is required in the CNS as well as in the muscles. In this tissue, the requirement in the DLM seems to be more strict than in other thoracic muscles. We name this feature quantitative specificity.
The viable combinations of ewg 1 over deletions or lethal alleles also show a neural defect in the retina and optic ganglia. These neural structures show signs of degeneration (Fig. 9) . As with the case of muscle tissue, this neural defect becomes less severe the larger is the deletion of the region (see legend to Fig. 8 ). This unusual feature supports the functional relationship of ewg with other functions residing in its vicinity (see Discussion).
We generated a number of gynandromorphs in ewg 1 f3G/R(1)XC'Z females by loss of the ring X chromosome. Thirty-two of these gynandromorphs were selected because of their bilateral distribution of male/female tissue and were analyzed histologically. The gynandromorphs are favorable cases to study nerve-muscle interactions in the DLM. The six DLM fibers are innervated by five motor neurons; fibers a and b receive a single motor neuron whose soma is located in the contralateral side while fibers c-f receive five ipsilateral motor neurons (Coggshall, 1978) . Bilateral mosaics for a muscle mutation of strictly neural origin should show abnormal DLM fibers c-f ipsilateral to the mutant territory and abnormal contralateral fibers a and b. In addition, ipsilaterai fibers a and b should be normal as should the contralateral fibers c-f. No compelling evidence of strict neural origin of the muscle defect was found in the case of ewg. Nevertheless, among the 32 gynandromorphs studied, 12 showed structural alterations in the CNS. These alterations affected the ipsilateral side of the male tissue and included abnormal position of the cervical giant fiber, disarray of the cortex organization, and reduction in total CNS volume. It should be realized that the Milligan stain used to study the muscle structure is not a convenient method to visualize the CNS. In all probability, the type and frequency of neural defects are underestimated from the mosaic analysis. Nevertheless, the requirement of ewg for proper CNS development is demonstrated by the study of lethal alleles (see above). Figure 11 illustrates the case of a bilateral mosaic where the ipsilateral cervical giant fiber is displaced with respect to its normal position (Koto et al., 1981) .
The ~mnjumper ge~ze. The mutation ~mnjumper 4z (nj 1.-21.0) affects strongly the TDT in the mesothorax as well as its homolog in the metathorax, nj 42 is uncovered by Df(1)sn cl~s and the heterozygote nj42/l(1)mys shows no jumping response and severe muscle defects (Fig s .  12A, 12B, 12C ). In all probability nj 42 is allelic to l(1)mys. As with the previous genes analyzed, the range of muscle alterations in nj42/l(1)mys females is not restricted to TDT. Nonetheless, a quantitative specificity over TDT is found ( Table 2) .
The mutation l(1)mys has been extensively studied and is thought to be a relevant function for basal membrane formation (Wright, 1960; Newman and Wright, 1981; Mackrell et aL, 1988) . l(1)mys manifest subtle alterations in CNS condensation (Wright, 1960) . In addition, the embryo shows a severe constriction in abdominal segments A3-4 (Fig. 6D) . We have found defects in longitudinal condensation and the width of the CNS (Fig. 7D) . It can be said that l(1)mys function is required for muscle formation and for proper CNS development. Assuming that nj 42 is a bona fide allele of l(1)mys, the different phenotype of these alleles is reminiscent of the situation found in ewg 1 and ewg a or sr 1 and sr is. Following the same line of interpretation as that with these genes, the allele ?~j42 might represent a variant in quantitative specificity of the l(1)mys function.
The vertical wings gene. The mutation vertical wings t (vtw 1.-14.5) was considered to affect the DVM preferentially (Deak, 1977; Deak et al., 1980 Deak et al., , 1982 . It maps within Df(1)C149. We analyzed vtwt/Df(1)C149 females ( Fig. 12D) and vtw t males. It is clear that, although DVM are the most severely altered muscles, other muscles are also affected. DLM and TDT are decreasingly altered in this order. The fate map of vtw t reported by Deak (1977) did not indicate a possible neural focus. Since no lethal alleles were available, no attempts were made to study CNS structure.
Multige~ze analysis. The four loci studied cannot be said to be strictly muscle specific. However, they show a quantitative specificity for each thoracic muscle. The close similarities between the sr and ewg phenotypes spurred us to question the possible functional relationships between these loci. We constructed the double mutant ewg~; sr s. As Figs. 13A and 13B illustrate, the combination results in a more severe phenotype than the phenotype of either mutation; thus, the combination appears to be synergistic rather than additive (see also Table 2 ). This observation suggests that although the ewg and sr mutations yield a very similar phenotype, they act through different processes. Yet, these processes appear to be functionally related as indicated by the more severe phenotype of the double mutant.
Another valuable test to identify possible functional relationships-makes use of gene dosage effects. We constructed female flies of the genotype C (1) constructions. These types of constructs appear to enhance the expression of sr 5 phenotype (Table 2) .
Similarly, the combination of ewg 1 vtw also leads to a more severe phenotype (Figs. 13C and 13D) leading to an interpretation similar to that of stT~ipe. These observations do not allow one to go beyond the suggestion of a possible functional connection among ewg, st, and vtw. However, it should serve to frame further experiments at other levels of observation where the mechanisms of the suspected interactions could be studied.
DISCUSSION
Ge~zetic Control of Adult Muscle Development
The variability in muscle fasciculation encountered in the three wild-type strains analyzed can be traced to genetic components. However, these genetic conlponents seem to have a complex functional organization. The progeny test performed to isolate a single "Mendelian factor" in the normal CS strain that could account for the observed variability in muscle fasciculation has failed to isolate a fully penetrant mutation of spontaneous origin. Similarly, the genetic analyses of the four loci studied do not allow one to establish a one-to-one correspondence between genes and muscles.
The study of single genes involved in muscle development deserves some comment. Although none of the four cases studied can be said to be muscle specific, in all cases there is a "quantitative specificity." Any given lack of function variant for these genes becomes particularly severe for specific muscles. The genetic organization of stripe has been analyzed in some detail. Although the map of Fig. 5 is not a physical map since the linear order of mutations is not known, it can be said that it is a functional map that reflects the polar organization of the locus. Phenotypic domains can be ascribed to certain allelic combinations.
The case of ewg, although not thoroughly analyzed in its genetic structure, also indicates a functional organization of high order. However, in this case the functional links seem to extend to a rather large region in the tip of the X chromosome. The unusual phenotype of heterozygous constructions of ewg 1 over deficiencies of various lengths suggests this idea. It appears that the larger the hypoploidy for adjacent loci, the less severe the ewg phenotype. This feature is found in muscles as well as in neural structures. It is a fact that the 1A-B region of the X chromosome harbors a cluster of functions very relevant to development and function of the CNS (White, 1980; Jimenez and Campos-Ortega, 1987) . It is also a fact that the ASC has a polar organization whereby the phenotypic strength of a large number of mutations depends on the proximity to the transcriptional units currently known (Campuzano et al., 1985) .
These relatively 15ng-range effects could reveal the existence of enhancing or modulating sequences that span the nontranscribed DNA. The puzzling difficulties in establishing a one-to-one correspondence between transcriptional units in ASC and mutant phenotypes further suggest the existence of a functional organization of the DNA that could involve other genetically independent but nearby loci such as ewg.
The synergism of the mutant combinations further supports the cooperation of these independent genetic functions toward the same or very similar developmental processes. The expression of sr 5 phenotype appears to be enhanced by either the lack or the excess of activity of ewg § This stoichiometric relationship could suggest the existence of molecular aggregates of these products in a molecular entity of higher order (Herskowitz, 1987) . Certainly, the interpretation of antimorphic phenotypes (as is the case of ewg in this report) leads one to propose the existence of such molecular aggregates in order to accomplish their normal function(s). Ongoing studies on l(1)mys indicate that this gene might code for a subunit of position specific antigens (Mackrell et al., 1988; Wilcox et aL, 1984; Brower et al., 1984) . In this context, variants like nj 42 could represent subtle modifications of a domain of specificity.
Neural Bases of Muscle Phenotype
The problem of genetic control of muscle specificity can be extended to tissue specificity. The muscles are known to be highly dependent on their development and maintenance from the innervating cells, at least in vertebrates (Gutmann, 1976; Nuesch, 1985) . In the cases analyzed, the CNS also showed a requirement for these products. For ewg there is direct evidence of the expression of this gene in the CNS (White, personal communication) . Whether or not the muscle defect is caused by a primary neural deficit seems to be suggested only in the case of stripe. This suggestion comes from unpublished observations by Coggshall who analyzed bilateral gynandromorphs of sr and found the expected distribution of abnormal DLM fibers if the muscle defects were strictly of neural origin (see Results). The rest of the genes seem to be required in both tissues. The quantitative specificity described for the muscle phenotypes is also applicable to different tissues. The nervous system, as a tissue, seems to be less demanding for the functions studied. In the viable alleles of sr and ewg the global effects on CNS structure cannot be considered very severe. Only when lethal alleles are studied do the CNS defects become more serious. Judging from the appearance of lethal embryos, the primary cause of lethality could be ascribed to CNS and muscles since other tissues and structures are not overtly abnormal.
The external appearance of these lethal embryos does not indicate major alterations of hypoderm or segmental organization.
Finally, the thoracic muscles are surely not the only muscles affected by these mutations. Leg muscles were seen with abnormal fasciculation in ewg combinations. However, whatever the primary defect of these mutations might be, the consequences of the structure of the large thoracic muscles are more salient and have led to the concept of quantitative specificity.
